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SUMMARY —

The orbit of China 6 rocket, 1976-87B, has been determined at 51 epochs
during its I7-month life, using the RAE orbit refinement computer program, PROP 6
with over 4000 radar and optical observations from 49 stations. The orbital
accuracy is about 100 metres, radial and cross-track, on average.

The rotation rate of the upper atmosphere, A rev/day , for the height-band
200-230 km, was calculated from the decrease in orbital inclination (after being
cleared of perturbations) to give the following results:

(1) for morning conditions, A = 0.9 for May-June and August-September 1977,
at 215 km mean height; A = 0.7 for October-November 1977, at 210 km;
= 0.8 * 0.05 for January-February 1978, at 200 km;

(2) for evening conditions, A = 1.2 for July and September-QOctober 1977, at
215 km;

(3) for mean (morning plus evening) conditions, A = 1.0 % 0.1
1976 and May 1977, at 230 km; A = 0.8 % 0.1
1978, at 215 km and mean latitude 57°S.

between October
for December 1977~Japnuary

Values of density scale height have been obtained from the variation in
perigee height, including several values during the final 16 days to decay.
Comparison with CIRA 1972 values shows agreement mostly within 10 per cent.
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1 INTRODUCTION

China 6 rocket (1976-87B) was launched on 30 August 1976, and remained in
orbit for about 17 months before decaying in the Earth's atmosphere on

4 February 1978. The initial orbit was: inclination 69.2 degrees, perigee

height 190 km, apogee height 2150 km, eccentricity 0.129 and period 108.7 minutes.

The orbit has been determined at 35 epochs from more than 1700 radar and optical
observations with the RAE orbit refinement programl, in the PROP 6 version. The
highly-accurate Hewitt camera observations from Malvern were used in six of

the orbital determinations, Further orbits were determined for each ol the last
16 days of the life, using about 1300 observations obtained from the North
American Air Defense Command (NORAD), about 50 US Navy observations and a

Hewitt camera run of observations.

As the orbit contracted under the influence of air drag, it passed through
14th and 15th-order resonances, but too quickly for any harmonic coefficients
to be determined with worthwhile accuracy. The main purpose here is to find
the upper-atmosphere rotation rate from changes in inclination; the resonant
perturbations are required to improve the accuracy of the rotation rate, which

has been determined before, between and after the resonances.

Upper—atmosphere scale heights have been calculated for the height-band
200-230 km and compared with CIRA 1372 values.

2 ORBIT DETERMINATION

2.1 Observations

Over 3600 radar and optical observations were used to determine the orbit
at 51 epochs between 16 October 1976 and 4 February 1978. A further 400
observations of low elevation were not used. During the final orbit determina-
tions, about 700 observations were rejected, leaving about 3000 observations
or near 58 per orbit, on average. These included over 1100 from the US Navy
Navspasur system and about 1400 from the assigned and contributing sensors of
the North American Air Defense Command (NORAD) Space Detection and Tracking
System (SPADATS). A further 300 were visual, from volunteer observers reporting
to the Appleton Laboratory at Slough; 200 or so were from British radar; 18 from
the Malvern Hewitt camera, distributed over seven orbits; 24 from Jokioinen,

Finland and 15 from the kinetheodolite at the South African Astronomical

Observatory.
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2.2 Observational accuracy

Table 1

Residuals for selected stations

Rms residuals
Number
Station of Minutes of arc
observations | Range
km RA Dec Total

1 US Navy 84 1.8 2.4 2.9
2 | US Navy 33 2.3 2.1 3.2
3 | US Navy 42 2.0 1.7 2,6
4 | US Navy 51 1.6 2.1 2.7
5 } US Navy 95 2.0 2,2 3.0
6 | US Navy 110 1.8 2.4 3.0

29 | Uf Navy 693 0,.8% 0.5% | 0.5%

414 | Capetown 10 2.3 3.0 3.8
2122 | Malvern 5 27 1.7 1.9 2.5
2155 | Bahrein 2 17 1.6 3.1 3.5
2265 | Farnham 29 2.0 2.2 3.0
2303 | Malve-n Hewitt camera 18 0.04 | 0.08 | 0.09
2414 | Bournemouth 103 3.2 3.8 4.9
2420 | Willowbrae 119 2.1 2.1 3.0
2577 | Cape kinetheodolite 15 0.6 0.5 0.8
6702 | Jokioinen 24 3.5 2.7 4.4

* Geocentric

Table | lists the observing stations which have contributed at least 10
observations to the determination of the first 35 orbits. The observational
accuracy of these stations is given in the form of rms residuals, obtained from
the RAE computer program ORESZ. The Hewitt camera observations have the highest
accuracy, with about 5 seconds of arc; the US Navy stations have topocentric
accuracies near 3.0 minutes of arc; the Jokioinen theodolite 4.4 minutes of arc;
the Cape kinetheodolite, 0.8 minutes of arc. The stations with visual observers
reporting to the Appleton Laboratory at Slough, have residuals between 2.5 and

4,9 minutes of arc. Each observer has been sent a list of his own residuals,

2.3 Orbital accuracy

The computed sets of orbital elements at 51 epochs between October 1976 and
February 1978 are shown in Table 2, with standard deviations where appropriate.
The sd in inclination varies from 0.0005 to 0.00280, with an rms of 0.0015°,

For the final 16 daily orbits, the sd varies from 0.0005 to 0.00100, with an rms
of 0,0007°, For eccentricity, plotted in Fig 1, the rms for the 51 values of sd

is 2 x 10_5, but only 1 x 10—5 (equivalent to 70 m in perigee height) for the

cry




final 16 values, For argument of perigee, w , or mean anomaly at epoch, Mo ’
the (similar) sd varies from 0.005 to 0.090°. The values of orbital decay
rate, M2 » plotted in Fig 2, have sd varying from 0.0002 to 0,003 deg/day2
for the first 35 orbits; but for the final 16 orbits (approaching decay),

shown in the inset on Fig 2, the sd increases and on the actual decay

day, M, = 30.71%0.05 deg/day?.

3 VARIATION IN PERIGEE HEIGHT

It is useful to analyse the perigee height first, because the results are

used in deciding the height at which the rotation rate applies (see gection 6),

The values of semi major axis, a , and eccentricity, e , given in
Table 2, were used to calculate perigee height over a spherical Earth, hp R
from
hp = a(l -e)~-R , (1)

where R 1is the Earth's equatorial radius, taken as 6378.14 km. The values,
cleared of perturbations, are plotted in Fig 3, up to MJD 43524, as crosses.

The main oscillation is due to the odd-harmonic perturbation in e , which,
combined with the lunisolar perturbation, was calculated using the PROD progtam3,
to give a total perturbation Ae . A parameter Q , the perigee height over a

spherical Earth, cleared of perturbations, can now be determined from

Q = hp + ade ,

and the values obtained are shown in Fig 3 by triangles., The perturbation Ae
is assumed to be zero initially, so that the Q values are relative (rather than
absolute). This is not significant here, since only the slope dQ/dt 1is used

(in section 4) for calculating density scale height.

The values of hp and Q in the final 16 days before satellite decay are

plotted in Fig 4 (which is an extension of Fig 3).

4 DENSITY SCALE HEIGHT

The density scale height H 1is a measure of the rate of decrease of density
p as height y increases, and is defined by '% = - %-g% +« Values of H were

calculated from Q s the rate of change of Q due to air drag, whereA, for
ae/H > 3 ,
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¢’ is the ellipticity of the atmosphere (=0.00335) and H 1is at a height

1.5 Hp above the satellite's perigee height yp . The other variables are
defined in Table 2. Ignoring small perturbations, we may take yp as given by
the right-hand side of equation (1) with R replaced by the local Earth radius
at perigee latitude. For 1976-87B, at 69° inclination,

2HM
. 2 H 2¢' . 2,
Q 3Mle (l 2e + %ae o sin’i cos 24) s (2)

. 2
= h + 18,67 sin .
Ip P v

Values of é for use in equation (2) are obtained in the form AQ/At ,

from the change AQ in Q over a suitable time interval At . Since Q has

an accuracy of about 0.2 km, values of AQ of 3 km or more are required to give

values of Q accurate to 5 per cent, and the time intervals were chosen on this

basis, Values of H were obtained from equation (2) using these values of 6

and mean values of the other parameters, The values of H are plotted against

time span in Fig 5,as circles with sd, up to MID 43540, At this point,

ae/H = 3,

was less than 3, The 'phase 2' regime discussed in Ref 5 (page 88) can then be

used:

da

dx

whsare

For the final three (daily) calculations of H , the value of ae/H

equation (5.35) of Ref 5 gives

2
= yg * ie(lo S Yoyz) = dc cos 2u(yy =~ 2y, +ypy,) = B, say (3)
c'a(l ~e) . 2, . .
c = -—%%r———l-s1n i, y. = Ir/Il » and Ir is the Bessel function of

the first kind and imaginary argument, of order r ({bid, page 36),

where

To calculate H from 6 » but

§ = dQ . da _ _d(a-x), 2ha
da dt da In °
n(=Ml) is the mean motion and # = 2M2 . Hence E
da _ .
< - l/(l + 34 4/4M,2) a, say. (4)
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H is now determined by selecting two likely values, Hl and H2 » which are

used to calculate Bl and 82 from equation (3), and then by linear interpolation

from

H (B, —a) + H (a -~ B))
H = 172 2 1 . (5)
By, = B

These three values of H are included in Fig 5 as circles, with sd, for
43540 € MJD < 43543, The sd for all the H values shown have been estimated
from the errors in perigee height (usually 0.2 km). The height y, at which
H applies has been plotted in Fig 5; also the 10,7 cm solar flux, F10.7 , in
the form of mean monthly values up to MJD 43529, and daily thereafter.

For comparison, values of scale height H obtained6 from CIRA 1972, for
the same heights and exospheric temperatures as the calculated values, have also
been plotted in Fig 5 as crosses, These observational values of scale height,
between 180 and 240 km height, are about 7 per cent yms above CIRA 1972 values for
high solar activity in 1977-8. In a previous study7, the observational values
(at similar heights) were about 10 per cent below CIRA 1972 values for lower

solar activity (1972-6).

The observational density scale height H has been replotted against
height in Fig 6, with comparative curves from CIRA 1972, for various exospheric
temperatures, The calculated exospheric temperatures are shown in brackets
after the observational values (indicated by crosses generally or by circles
near decay)., The calculations were made using CIRA 1972 with the appropriate
values of solar 10.7 cm radiation energy and geomagnetic index, with adjustments
for semi~annual variations. Again the observational values of H are higher
than the values given by CIRA 1972, for the appropriate exospheric temperature,

the difference being 6 per cent rms.

5 RESONANCES
5.1 l4th-order

The orbit of China 6 rocket was perturbed by [4th—order resonance between

-~

May and August 1977, with exact l4th-order resonance occurring on 25 June 1
(MJID 43319). Unfortunately there were only five PROP values of inclination
during this time-span for determining lumped l4th-order geopotential coefficients;
a further six US Navy values of inclination were also available - but even 11
values are insufficient to determine such coefficients accurately. However, a

fitting was made to these 11 values, after removing unwanted perturbations, as




the resonance effect on inclination is required for improving the accuracy in
calculating the rotation rate of the atmosphere (section 6). The perturbations
to be removed were found using the computer program PROD3 and the resulting
inclinations were fitted using the computer program THR0E8 by the method
described in Ref 7, using only the (y,q) = (1,0) terms, The inclination change
due to l4th-order resonance was found to be 0.00580, and is shown plotted in

Fig 7 as a vertical line at exact l4th-order resonance.
5.2 15th-order

The change in inclination at 29:2 resonance is too small to be worth
considering, but at I5th-order resonance the orbit was perturbed sufficiently
to warrant an estimation of an allowance to be made in the inclination fitting
of Fig 7. The resonant perturbation is, however, too rapid for the determination
of lumped geopotential coefficients. It occurred between October and December

1977, with exact 15th-order resonance on 25 November,

There were only seven PROP and two US Navy values of inclination available
and the fitting was made using (y,q) = (1,0)(1,+1)., The overall change in
inclination due to 15th-order resonance was 0.0022° and is plotted in Fig 7 as
a vertical line at exact 15th-order resonance (MJD 43472). The method of

fitting is as described in Ref 7.

6 ATMOSPHERIC ROTATION RATE

The 51 derived values of inclination, given in Table 2, were cleared of
lunisolar and geopotential perturbations using the PROD program3 with numerical
integration at one~day intervals. These modified values are plotted in Fig 7.
The change in inclination was then calculated for several values of atmospheric
rotation rate (expressed as A times the Earth's rotation rate, in rev/day),
using oblate-atmosphere theoryg, with numerical integration at about 20-day
intervals (corresponding to 22.5° steps in argument of perigee, w ). For the

final 16 days of the orbit, however, the intervals were reduced to | day.

For the first 7 months, MJD 43067-43282, the local time at perigee (see
scale at top of Fig 7) passed through morning and evening 4t least twice
each, so the value of A obtained is an average one and is given by
A=1,0+0.1 rev/day for a mean height of y(= §p + 0,75H) = 228 km.

In the last 16 days, where there are daily orbits, the values of i ,
which have been replotted with greater accuracy in Fig 8, are fitted most satis-—

factorily by A = 0.8+0.05 rev/day for morning conditions (local time 01-06 h),
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at a mean height of 200 km., This implies an east-to-west wind of 80 +40 m/s.

The effect of meridional winds, u rev/day, is expected to be small, as the orbital
inclination is high; however, a value of p = 0.2 (south-to-north) added to the

A = 0.8 curve, has been calculated and plotted in Fig 8 (broken line) to show

its effect. The average meridional wind at local time 01-06 h is expectedlo

to be about 40 m/s south-to-north in Southern latitudes, equivalent to p=0,08;
the fit is not improved by the inclusion of u . Also y = 0.08 would have

about the same effect as an increase of 0,03 in A . Any errors due to neglect

of u can therefore be absorbed in the error of 0,05 in A .

In the intermediate months, for MID 43282-43528, the values of 1 could
not be fitted satisfactorily by a mean A-curve, and so the region was sub-—
divided into morning (02-14 h) and evening (14-02 h) sections. Although the
normal time division]] is 04-12 h for morning and 16-24 h for evening, it was
expedient here to divide the day into two, rather than four, parts. The numeri-
cal integration was repeated with further dates, at which the local time at
perigee was 02 h and 14 h, added to the original set of dates., The A-fittings
were made to each section separately, including inclination 'jumps' at l4th-
and l5th-order resonances, as shown in Fig 7. The ‘morning' sections are shown
as broken lines, the 'evening' as unbroken. The fittings are now acceptable and

give the following values for A 1in rev/day:

(1) MID 43282-329, A = 0.9, for morning conditions, at a mean height of

217 km, for May-June 1977
(2) MJD 43329-364, 1.2, evening, at 214 km, for July 1977
(3) MID 43364-398,
(4) MID 43398-440,
(5) MID 43440-482,

(6) MJID 43482-528,

]

0.9, morning, at 215 km, for August-September 1977

= 1,2, evening, at 215 km, for September—October 1977

0.7, morning, at 210 km, for October-November 1977

0.8 £0.1, mean (dotted), at 217 km, for
December 1977-January 1978.

- > = = >

The sd in A for (1) to (5), between May and November 1977, are not given, as

there are insufficient inclination values to determine them individually (see

Fig 7). However, an overall sd has been determined using the THROE programs,

by a fitting to all the inclination values and then finding the change in A /

corresponding to a change in the di/dt term. The sd obtained was 0.05.

The values of A for (1) to (5), which indicate A = 1.2 in the evening
and between 0.7 and 0.9 in the morning, are in agreement with past results
obtained from other satellitesll; however, (6) appears to give an anomalous result

for A . To date, at heights below 400 km, A < 1 has been an indication of
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morning conditions. For a height near 220 km, under mean conditions, the
expected value is near A = 1.1, Ze a wind speed of about 40 m/s, west~to-east,
Here (6) gives A = 0.8 0.1, which represents a wind speed of 80 +40m/s, east-
to-west. However, this apparently anomalous result is in agreement with a study‘2
where for similar conditions (height 215 km; mean latitude 57°S; mid~summer;

high solar activity), the wind is found to be from east~to-west (Fig 6d of Ref 12),
and the near 60 m/s magnitude is in close agreement, The result also confirms

the tentative conclusion]3 from analysis of the Cosmos 462 orbit, that A tends
to be lower in summer than in winter, and this provides a basis for further

refinement in terms of season, in future analyses.
7 CONCLUSIONS

The orbit of China 6 rocket, 1976-87B, has been determined at 51 epochs
between October 1976 and February 1978, including orbits determined for each of
the last 16 days, up to the day of decay, on 4 February. The total number of
observations available was more than 4000, and there were Hewitt camera
observations on seven of the 51 orbits., The sd in inclination varied from

0.0005 to 0.00280, while the sd in eccentricity varied between 6 x lO_6

(equivalent to 40 m in perigee height) and 3 x 10_5.

Values of density scale height have been determined from the change in
perigee height and compared with values from the CIRA 1972 reference atmosphere;

the values obtained are about 7 per cent higher than CITRA, on average.

Eight values for the atmospheric rotation rate A , in rev/day, have been
determined from the variations in inclination, for heights between 200 and
230 km, between October 1976 and February 1978. Two mean values (averaged over
morning and evening) are A = 1,0 +0,1 at 230 km and A = 0.8 +0.1 at 215 km,
The four morning values are A = 0,8 +0,05 at 200 km; A = 0.7 at 210 km; A = 0.9
at 215 km, twice. The two evening values are A = 1.2 at 215 km, twice. The
resonance effects on inclination at 14th- and 15th~order resonances have been

accounted for, as well as lunisolar and geopotential perturbations.

Seven of the eight values of A agree well with values obtained from
other satellites. The eighth value, A = 0.8+ 0.1, for a height of 215 km,
appears to be anomalous: it is equivalent to an east-to-west wind of 80 * 40 m/s
whereas, under mean conditions, a west-to-east wind of 40 m/s was expected. The
value applies, however, for December 1977-January 1978 at a mean latitude of
57°S, that is at high latitude at midsummer. The result reinforces a previous

. . 13 , . . ,
tentative conclusion that A is lower in summer than in winter and agrees well

Sl
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with the numerical model of Ref 12, which indicates an east-to-west wind of about
60 m/s, in similar conditions (Ze at height 215 km; mean latitude 57°s; mid-
summer and high solar activity),

L Lo e

115

L as S
A —
‘v




115
- S
17 S0000°0 = Shys
" 1 o1 z L1 81 z 82 z z
1€ | €°6 ] 8z-0f ozoooo | (zooto | 9ceso | zsstusis| sizczve | wwst1e | ess'vz | orziceo | ososoto | zseweiz | oveze | 9z "
W £ 9 K 1 2 w1 z 0z z 1
3 €€ | 66 | zo*1] weooo*o | 68cooto | siesto | ve6t09ts| <89t6zi | wwweori| 1c1°19 | zizive9| 61680°0 | 608°8Siz | 0'vor | 6 Snv €z
S i £l z 91 <t £ 8z £ z
n tz otor| 6°0] €co000 | 6100%0- | ziveto| swerciis| szotogz | esstovi | 96s7zzi| cczites| esseoto | sresets | otoge | zi 1or 124
i £ z i o1 z 1z z I
6t | 0°6 | 2270 - $200°0 | £28°0 | zes 6905 | vse£or | 1ve6z1 | 655761 | z9zi'69| o6£60°0 | 8BS wvzs | 0°z0c | €1 1z
z L 1 ot 6 \ < z 1
gr | 1°¢ ] oz°0 - 0100°0- | 8vz8 0 | s9g'wsoc| sszog9z | se0c061 | sicrorz| ticive9 | rvseoco | tg9ssze | o'sez | v wunr 0z«
9 z 1 ¢ 9 i 91 z i
cv | 96| 090 - 9€000°0 | 6£2£°0 | S29°6£0s | [£0°€61 | 6287107 | szzeecz | 9sc1°69 | 9oze0%0 | wszoerze | o-ssz | sz 6l
9 £ 8 z i o1 z oz z z
zs | v°0 | os*o|ss€110070- | %00°0 | 68z9°0 | osste00s| rzewst | ce9rzz| tsivesz| zecives | vzootco | eszezoer | 099z | ¢ &em 81
z 9 z 2t T z £z z z
gy | 06| zL°0 - 8000°0 | 6£19°0 | 6970667 | 9cv-ezz | 152769z | 8w ice | fzvi‘e9 | ovzorco | soccozes | 0c2vz | I
z 9 1 i 2 z zt 1 I
we | z°9 | og*0 - 9¢10°0 | v00v70 | €cvrisey | evet9w | zoec19z | sercwse | ecwicso | ocgo1to | sczezer | oczez | v ady ‘T
62 " L z 1 o1 z 1t | 7
15 | 1°s | 95°0| 20100°0- | SI10°0- | z06£°0 | €c6°2s6v | S90°sve | 65029z | wze's | csvieo | zecor-o | oz eces | o-zez | of Sie
v 1 <l €1 z T z 1
9s | 99| m0 - - zz19°0 | 6z67zi6% | 909°St | szotvez | z99tst | sewite9 | sevorto | czi'sser | ot9zz | ez oy
L z o1 z L 8 z 9 1 z
99 | 1°8 | 870 €1100°0 | 6v00°0- | 6scv'0 | g1z*996 | esv g1z | szzeesz | sovcec | cmers9 | grsoro | wertvver | ovgiz | o £l
1 £ I 1" Y z 91 1 1
£z | oe| z2v0 - 2£00°0 | S£9v°0 | 1007956 | Bv8-98z | £vsovez | 11s°8s | Soci69 | os901*0 | cz8*vees | o°soz | 9 zem 2
z £ { g 8 ! 2 1 1
2 | 8°s | 290 - 0100°0- | zv8v-0 | £19°896% | sz8 19z | e6s°coc { 6z1°9¢ | geci 69 | 1vco1°0 | seizoez | 000z | 9z 1
v z L z 6 g t 91 z z
(7 | s°8 ! £9v0| 8covoro- | 8000TO- | 6Svst0 | <9vtecsy | 90st0s | zzi'wic | 6£8°s6 | tzvie9 | wweoi-o | wzzeizer | 0°i61 { o1
t z i 9 9 z si 1 1
(s | 06| £9% - 9800°0- | v8es 0 | 1567 wzen | wevewzi | cvete1z | 9eveazy | rswies | svorito | ceov9ses | o0zs1 £ 4 6
y ] ) 1 8 8 z <t z 1
05 | 1°6 | 90| %S000°0- | 510070~ | 9£€5°0 | w0L°606% | 6v9°z% | wsotswe | s6cc9si | szoive9 | tvziico | oz600vs | 0°e91 0z 8 :
£ 1 L z L 3 z 61 1 z _.
15 { s°6 | €570 9v100°0 | €900°0- | <195°0 | 000*te8y | 151709z | €25 | govcer | zovite9 | wevii‘o | 628619 | 0 9vt € wer 61 | ¢ ,
z L " 1 9 9 ( T z 1 ]
67 | 2°6 | 69°0] 00100°0 | £8000°0- | £8%5°0 | Los*se8v | 9tstsen | 69791 | 1£6°91z | zzvi69 | esori0 | wosteewe | o°ser £z 9
61 1 ot » S 9 1 u z v
tz | 52| osto| worooo- | z1oovo | voceo | avectesy | 1sstezz | sistoc | ssstwwz | zevi‘e9 | tssiico | 8sseevys | o°zzt 01 o3g <
9 £ 0 9 g 1 L 1 0
2] 96| vso - 15€00°0- | Z1€s°0 | 1v6°8¥8y | ove-ssz | 6v6°cv | 688°692 | covi-69 | 910z1°0 | w99°z9nc | 0 ots 87 v
i ” z 0 9 L 1 6 1 1
97 | 8°6 | z9°0| 82000°0 | €9000°0- | 9z99°0 | vse-sesy | zzst06z | zs8 s | 900°c6z | 90S1°69 | w1zt | wwseevr | 0660 | ci aon £
y I 9 t ot u z 7z ) 1
tv { 9°8 | £6°0| 6£100°0- { $v00°0 | sesveo | 98 cz8y | 90z°9wz | sorewe | cesemze | zesiees | sigzico | eevosevs | 0°z80 i€ z
, v z 01 z zi £l z 9z z z
gz | »e &\.o 21100%0~ | 8500°0 | 1€9v°0 | 6vS-118v | 6vE*9cE | z61°06 | L0L°6SE | OvS1°69 | 18vzi-0 | 69z° 105z | 0°z90ew | o1 390 961 | 1
x ) a ﬁu K" &% " " Oy " s 1 ) e ark e3eg ataag

12

SNOTIIVIAAd QYVANVLIS HLIM “I1IMJ0¥ 9 VNIHD d04d SYILIWVIVd TVIIFIO
¢ °19®lL




N 303 Teymoudiod

pasn O1 SITITITJH0 [wUOTILIPPE s Nx 3 M §
B SUOIINAINNQO JO iagEnT P -T- ¥ 1000~ = W4
(edwp) sooYIRAIINGO (4ep/33p) u ‘uoyiom wsm N 2701000°0 = W »s (3sp) soyasuyrawy Y
© 39w1aa00 wmT (Sep 0, SUOTINAINEQO TISWD IILASH RTA QX0 ¢ £3poya3usvde ®
¥ 2 a ) Wods v Lyvmcur mam L] (Sop) o813ed jo jusmfay M (W) sTXV lofom WS ®
3 317 3o singesm 3 (3ap) spou jo woysusose 3g¥z O £vq wwyTOr POYITPON QN 4wy
v 174 s 6 [ 6 ] L ? L
65] L0 | 620 (844 ¥ ot iL°0€| zic° 1988 15°99 LE°82T | $99°€0C | 9LL0°69| ¥¥ZL00°0] ®SL°19$9 0°CYS ’ 1%
9 4} 9 1 < 1 6 [§] <
85| 970 | 850 - 89t 2ty TT8°0T8S 6L 62¢ £9°8IT | (S8°90t | OEBD"69| 6Z5010°0 ) SBO°Z659 [ 449 € 0s
o! £’ ] [1 < 4 6 9t 9
{91 63°0 ) 79°0 - [ ] Z9S 01} Li1°918S 8€°C92 ¥$°6ZZ | 610°01€C | SYBO"69| €19Z10°0 | €EL°0199 0°1%S T 6y
€ [ 9 3 '3 ! 01 ] <
19| Lo°t L5°0 - 82°0~ 9LL°6 | SLY 96L5 oL°91z 99°0cT | TR CIE | TSBO'69] LOYYID"O ] ¥$9°6299 0°0%¢ I 93 8y
’1 ” € € 1 L [ £
8] LL°0 | <SSO - - 86S°L ) 0BT 6LLS <8 681 08°162 | 6%7°91t | 0980°69] 866S10°0 | 98L°9E99 0°6LS it 134
ol k4 € t 1 9 ot 4
g} €8°0 | 85°0 - - €20°¢ 299°v9¢$ 66° L1 6£°¢EZ | €EL°61E | 6L80°69 | 0ZCL10°0 | 10070599 0°8tS ot 9
ot 67 8 Y A 1 6 141 L
oLl 90 | ss°0 - s1°0 £8L°S | 186°16LS 9T 081 99°%EZ | €0%°22f | 6S80°69 | 065R10°0 | ¥9L°6599 0°Les 14 £14
9 z z 4 1 9 ot [
S8 001 £%°0 - - €697y [ v60°T%LS 79°¢61 £0°9¢€2 £5%°52e | 8£80°69 | 6156100 | 8Q7" (999 0°9¢S 8 v
Zt 87 L] £ € I 4 it L
69] »9°0 97°0 - 6%°0 918°%7 | %8 ICLS 12912 [ SAFix4 1 X2 80741 L6B0"69 | 152020°0 | T65°¥L99 0°sgg 24 £y
4 o1 S £ (4 1 a8 6 9
T8y T’ 05°0 - 97°0 £58°y | 9zT cLS ziteve 00°6£Z | O£S°ILE £060°69 | €6Z120°0 | 0S0°7899 0° 7 92 (4]
] € € € 1 L L k4
76| €6°0 18°0 - - §68°¢ TSEvILS 90°687 1£°0%Z 0SS 9 1680769 | 611Z20°0 | 96Y°8899 0°LES £14 1y
8 € 14 14 1 9 [} z
€64 107t 119 - - 887°¢L Y8 L0L8 §6°LEE 60°2Z%2 195° L€ 1880°69 | 68/220°0 | L%0°v699 0°TEg £ 24 (1)
9 z i 1 1 S 9 1
68| 06°0 | (£°0 - - £90°¢ 029°10L8 €2°¢f 99°£97 295°0%¢ 6880°69 | 18€€20°0 | S16°8699 L 2 134 £z [ 14
L € t 4 [} L 8 [4
»8| 96°0 | »7°0 - - %68°T | 8LL7S69S 99" 96 Ye°sye 655°€E9E €£680°69 | T96£20°0 | ££57€0L9 0°0ts [44 8t
Tt T 4 4 { < L T
§6} 0L°0 | €570 - - "6°T 9%1°069S 65" 191 6L°9%7 9yS°9%E (880°69 | 9£9%20°0 | S16°L0L9 Q°62¢ [ ¥4 Lfw
i1 € v Y 4 8 1 €
LS 80°1 €$°0 - - 8L8°C S15 784 8T 9T 677897 [AL 9821 968069 ) BZISZTO™0 | IWE~T1LY [)8:141 174 9t
1 € £t z 9 9 3 7 z 4
[3] [+ 24 9.°0] $§%t00°0 96200 66£9°2 88%° 1995 0L°cze 09°9¢¢ £9€°1 9680° 69 67L20°0 | 9T5°0LL9 0°vZs 91 st
91 81 <l S S < 4 71 4 L4
£9y 0°9 ) 0L°0| ~B1L10°C 9%20°0 L79€°7 £15°619¢ 96°86 98°997 88L°%C 1260°69 191€£0°0 166°€9L9 0°91¢ 1] 7€
(24 8 g1 v L 9 t 0¢ 4 £
9¢ °9 7¢'0 £6%00°0 0€€0°0 1290°2 . 65£°885S sstLe 6L°SLT 680°2% 9760°69 | 86%£0°0 | 660°68L9 0°01¢ T uer grél (19
3 1 9 S " € € vl 2 1
1 {°8 | 8L°0 $%000°0 %£10°0 6960°1 | ££6°895S 82 s 92 87 08L°96 7960°69 | 669€0°0 | €197 9089 0°$0S j:74 k49
$ 1 oi z ki € 4 f£4 4 z
19 9°6 | 06'0| 65100°0- €510°0- | o6€L° SE0°9LSS ey 60°8B6Z v8s 8 9960° 69 €50%0°0 | 86L°1E89 0°S6Y 81 1€
7 k2 8 z € z T €1 4 z
€L D6 6970 »x%79%00°0 8£00°0- 7905°1 D£0°10SS £5°07¢ 9% zZIg syt Z%60°69 199%0°0 (%£°0989 0°cey 8 % ot
8 ks ti £ t 4 € Lt £ €
[11 0°g 8°0| %.€00°C $¥€0° 0~ oLt 0€g " 99%¢S %0°€02 98°92¢ 2687611 1960°69 | Z$8%0°0 LEL°688B9 | "0°SLY |:14 6z
! Yy i o1 6 1 < 1 '
9L o't S9° 0 - 10200~ 68SL°1 980761 %S 2oty 010°8LE 16$°191 $960°69 L5150°0 61272169 0°L9% o 82
€ 8 | it 1 z 1" b4 1
LS 9°g 8s°0 - S1£0°0 8E66° 1 96Z° 119§ L20°%CE SLtLnE €Lero8t 900169 | 89%S0°D 19€°9£69 0709y €1 114
9 z 8 Z sl 91 < 3] € (4
6< o‘g (Y] y7%00°0- 6210°0 62202 96L°€£8€S 785 °0%¢E 20€°L8E 0z6°861 9£f01°69 | 68/50°0 ¥56° 6569 0°¢sy 9 aoN 92
_ 9 | 1 t st 3 k4 0z z i
6 1°¢ 6/°0] 8S100°0~ Qz10°0 086L° 1 869°80CS 8LS 19 9L T 108°0SZ TLLL6eg | €9990°¢ | TT9°STOL 0°¢TyLy | L1 220 2g6) 52
g 3 "% £ Y g % " s 1 » * am . 21410
{pepniouod) g 919e]

St

v

e

R TP

»




REFERENCES
No. Author Title, etc
1 R.H. Gooding A PROP 3 users' manual.
R.J. Tayler RAE Technical Report 68299 (1968)
2 D.W. Scott ORES: a computer , rogram for analysis of residuals from
i: PROP.
RAE Technical Report 69163 (1969)
3 G.E. Cook Basic theory for PROD, a program for computing the
development of satellite orbits.
Celestial Mechantics, 7, 301-314 (1973)
RAE Technical Report 71007 (1971)
4 D.G. King-Hele Air density at heights near 150 km in 1970, from the
D.M.C. Walker orbit of Cosmos 316 (1969-108A).
Planet Space Sci., 19, 1637-51 (1971)
RAE Technical Report 71129 (1971)
5 D.G. King-Hele Theory of satellite orbits in an atmosphere.
Butterworths, London (1964)
6 - CIRA 1972 (Cospar International Reference Atmosphere
1972),
Akademie-Verlag, Berlin (1972)
7 H. Hiller Determination and geophysical interpretation of the
orbit of China 2 rocket (1971-18B).
Planet Space Sei., 271, 1247-67 (1979)
RAE Technical Report 78107 (1978)
8 R.H. Gooding Lumped geopotential coefficients EIS 15 and §15 15
. ? »
obtained from resonant variation in the orbit of Ariel 3.
RAE Technical Report 71068 (1971)
9 D.G. King-Hele A revaluation of the rotational speed of the upper
D.W. Scott atmosphere.
Planet Space Sci., 14, 1339-1365 (1966)
RAE Technical Report 66189 (1966) by
10 B.K. Ching Ionospheric model effects on thermospheric calculations.

J.M, Straus Journ. Atmos. Terr. Phys., 39, 1389-1394 (1977)




Glpt-uibpl N i it

115

No.

11

12

13

Author

D «G. King-ﬂele
D.M.C. Walker

R.G. Roble
R.E. Dickinson
E.C. Ridley

D.M.C. Walker

15

REFERENCES (concluded)

Title, etc

Upper—atmosphere zonal winds: variation with height and
local time,

Planet. Space Sei., 25, 313-336 (1977)

RAE Technical Report 76055 (1976)

Seasonal and solar cycle variations of the zonal mean
circulation in the thermosphere,
Journ, Geophys. Res., 82, 5493-5504 (1977)

Cosmos 462 (1971-106A): orbit determination and analysis.
Phil. Trans. R. Soc. A, 292, 473-512 (1979)
RAE Technical Report 78089 (1978)

REF . . ST T

AV LA el

™
mn
4]

SARILY
LeLlc
OR 72 T U U UATIONS

3

TR S T R TR T nagepe f

) o N




Fig 1

0SS

o AMDLRUBIT9 JO BAIND jeUORBAIBSq) | Bty

kep ueinr paypow - areg
00S 059 007 0SE 00€ 052 002

0si 001! 0S0E”

1 1 1 ] ] 1
£2 330 € AON v1des 9z Inr 9 unp Liady 92 qa4

Y T — 0
L uef 8l AON 6zdas
LL6} 9L61

<4200

-1 700

<010

420

L 1 7o

SLisL HL

sanicabtiak

b n ik it




! S ———— e T—— -
4 SLi6L BL
3
, S ‘a1ea Aeoop 182140 JO saNRA lBUORBAINSGD T Biy
Aep ueiinr paijipow - ayeQ
1 0SS 00S 0s? 007 0S€ 00¢ 0S2 002 0S! 00! 050€?
T T T T T T —T T T 0
€T %2Q € AON yides gz Inr 9 unf Liidv 974993 L uver  glAoN
LLB! 9.61
x xxx x x x )
— X x x xx X X qs0
x x
% b3
x X X
%
40°1 b
i | 1
arw - %yeq
i 575 075 ses 0€S 7473 4 .
X T 1 994 LT ver Nﬂws 861 0 1st
x
x X xxx 25" N»ﬂbsmov
x x x x 4
x X ]
- x X x - x ¥ 401 4oz
x 1
X
- - q02 1 )4 M
X Aep/69p |
- ﬁ x 4o¢ - Q €
L L 1 1
~N
.m 1 1 1 1 L 1 [ i 1

\

rn-ﬁ. e T T T s A — .




- - B B T

yiie3 jeonsyds B 1840 ‘(suoneqinisad jo pesesio) p pue a: ‘sybioy eebuey ¢ Big

Aep uennr paijipow - ajeq
0SS 00S 057 00Y 0S€E 00€ 0SZ 002 0s1 001  0SOEY

7 ¥ T T T T T T T 09l
€229Q g AON swdas gz inr 9 unr Liydy 9z qad L uer gl AON
LL6L 9.6

~1591

X

—SLi

= -1061

1 . | i | 1 1 1 i | 1 4 G61

PR

SLI6L ML




9ii6L HL

Aeoep Jesu ‘(suoneqaniasd Jo pases)o) D pue n.._ ‘yybiey sebuay ¢ 614

Kep uelnr payipow- ajeq

(A4 0%S 8€S 9€S &S FA% 0eSs 87SEY
1 BB T I T 1 QN—
£ i 934 0¢ 8 9¢ ¥ XA ¢Z uer g6l




Figb

xoput £'OL 4 sejos jo uoneuea pue * LA jyBleyie H 3yBiey ajeas Ayisuep jo uogeuep g Biy

=R

dep uetinr patjpows - ajeg

SYS 078 SES 0ts 00s 007 00€ 00z 00lEY
T T T A—1 T T : Y 0z
{ 994 LTUTf  ZZuefgLBl €2 2°Q yideg gunf 924q34L/61 BLAON 9L61
sanjeA 761 VIO x
B s yum‘sonjen 3vy of -10€
Ay “ w
< | wy
L _:«.“ 4oy
b S
- 108!
- — dugt+% = 1002
—_ + . wy A
- § ost
41 {os
B -1 001
sanjea Ajyjuow ueap cot
:-NI «.E;NN.QC 4
- sanjea 4jeg 4 osi
yibuatenem way 0 uo A6ssus uopeipel Jejos si L0y
1 1 1 4\, 1 1 1 1 1 ooN

SileL uy




T T G T e

g6 ¥l

seAIND Z/6L WHID YuM pasedwod * 1 “ybilay ajess Aususq 9 By

wy % yybian
09Z 07t 02 002 ost o9t Q71
T T T T T 1114
— —4st
— -10¢
[ 00L Ly .
o im0 S 5¢€
008 \ ey wy H
ﬁ Aed9p seu
saNjeA |euUORAINSQO . g 0y
ooa OJI
W san|eA jeuoljeAsasqQ x
ol N ‘aimesadwia) sueydsoxy -
00 SIAIMD U ZL6L VA1
- - m*
00ti
d |
i 1 1 1 i 1 ow

Fig 6




Fig?7

saAIng-y pallly burmoys ‘suoneqiniied 3o pasesd ‘uonewjoul Jo sanjep £ by

Aep uelinf patjipows - ayeq
SYS 0YS S€S OES  O00SEY  OSYEY  0OYEY

00lEY 0SOEY

T

T

v L !

T
1 Q34 ZZ uer €2230 € AN YL diS

3
Wi,
ool ,
v
Lo=v

|

#IULUOSIS
13pI0-yi6|

A A

SUDIJIPUOI uCap
suo13tpuod Buitusop

suoilipuod bBuiuaal

— 1 L0'69

81 AON 6Zdas

9461
-180°69

-160°69

1

0t'69

1

2’69

1

€1 69
s9a.bep

uo1RUIIU]

7 7069

l.% 45169

91’69

FYry I

L
b Al LA
at 8l v
y ‘' 93b1uad e aw te201

1 1 1 1
9987 2z M NI N %l
et e 2 e A b a= Rt a4 b nt REt e

SLi6L WL




| _d
Sli6L HL
AROBp 180U ‘SBAIND UOIILIOI PALIY PUB ‘DS YIIM ‘UONBUIPUY Ba1j-uoneqinliad g b1y
Aep uennr pItjipow -3jeQ
796¢€Y 'A41%] 075¢EY 8ESEY 9¢€5eY Y€SEY TESEY 0ESEY 82S¢EY
5 € 1923 o€ 82 9z 72 Zz  uer g6l
{ Kep J A93 ) uoneI0d
8 %/ sieydsowse jevolpuaw si ¥ dsi0°69
\ ( Aep /A1) uoi3B}0)
AN J1J9ydsowye jRUOZ St
AN
N zo=1'g0=y ——-
- +/ 0=t tg0ey 4 080 '69
~N
+/ Gep
™~ TLIR TR ELTY
- J ~ 58069
~_¢
+ == +
- — 06069
T 4 2 Ay B Emm — $60°69
9°0 i T € L4 S 9
g ¢ 39bied v awgy Je309
2
U

s
L

atcutiidhn




Overall security classification of this page

UNbsstisT =D

As far as possible this page should contain only unclassified information. If it is necessary to enter classified information, the box
\ above must be marked to indicate the classification, e.g. Restricted, Confidential or Secret.

1. DRIC Reference 2. Originator's Reference 3. Agency 4. Report Security Classification/Marking
(to be added by DRIC) Reference
RAE TR 79115 N/A . mmmsszmm "
S. DRIC Code for Originator 6. Originator (Corporate Author) Name and Locauon
7673000w Royal Aircraft Establishment, Farnborough, Hants, UK

Sa. Sponsoring Agency’s Code 6a. Sponsoring Agency (Contract Authority) Name and Location

i N/A N/A

i 7. Title Upper—atmosphere rotation rate determined from the orbit of China 6

rocket (1976-87B)

7a. (For Translations) Title in Foreign Language

7b. (For Conference Papers) Title, Place and Date of Conference

8. Author 1. Surname, Initials | 9a. Author 2 9b. Authors 3,4 .... 10. Date Pages = Refs.
Hiller, H. September) 53 | 3
» 1979
11. Contract Number 12. Period 13. Project 14. Other Reference Nos,
N/A N/A Space 567

15. Distribution statement
(a) Controlied by - Head of Space Dep:, RAE (RAL)

(b) Special limitations (if any) —
16. Descriptors (Keywords) (Descriptors marked * are selected from TEST)

Upper-atmosphere winds. Orbits. Satellite observations, China 6 rocket,
Chinese satellites.

TFL\AEggﬁt

e orbit of China 6 rocket, 1976-87B, has been determined at 51 epochs during
its 17-month life, using the RAE orbit refinement computer program, PROP 6, with
over 4000 radar and optical observations from 49 stations. The orbital accuracy is
about 100 metres, radial and cross~track. Lam bda

The rotation rate of the upper atmosphere, A rev/day, for the height-band
200-230 km, was calculated from the decrease in orbital inclination (after being
cleared of perturbations) to g1ve thg Jfollowing results:

(1) =— for morning conditions, dﬁ ='0,9 for May-June and August-September 1977, at
e 215 km mean height; (A = Q0,7 for October-November 1977, at 210 km;

. k=0,8 (31_9.05 for January-February 1978, at 200 km;

(2) —for evening conditions, /A - l ‘2 for July and September-gcto_ber 1977, at 215km;
(3) —~for mean (morning plus e eﬁmg) conditions, 4 = 1.0 270.] between October 1976

and May 1977, at 230 km; » = 0.8 @ 0.1 for December 1977-January 1978, at

215 km and mean latu:ude 7?_3.“ Teor-

Values of density scale height have been obtained from the variation in peri-
gee height, including several values during the final 16 days to decay. Comparison
with CIRA 1972 values shows agreement mostly within 10 per cent,
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